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Abstract 
The objective of this research is to examine the possibility of replacing the plywood-reinforced honeycomb sandwich 
panel for the conventional honeycomb sandwich panel as building materials.  Three types of plywood were selected 
for study, i.e., chinese plywood, rubber plywood, and teak plywood, and the finite element simulation was performed 
to investigate the heat transfer. The result of the simulation showed that inserting plywood into the sandwich material 
could reduce the heat transfer content, especially the sandwich material inserted with chinese plywood which yielded 
the most efficient insulation, followed respectively by with teak plywood and rubber plywood. The result conformed 
to the heat conduction and heat resistance of the ASTM C 518 standards; therefore, the chinese plywood sandwich 
panels were used to construct the walls of a building so as to study the energy saving efficiency inside the building. 
The experimental result showed that the energy consumption content in the room with regular walls was 1.07 kw., 
whereas the room with the chinese plywood sandwich panel walls consumed energy merely 0.90 kw. The 
employment of chinese plywood sandwich panel walls thereby reduced the energy consumption by 0.17 kw.  In other 
words, the room walled off with the sandwich panel walls could save more energy than that with regular walls. 
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1. Introduction 
The sandwich material consists of composite materials and is fabricated by attaching two thin but stiff 
faces to the top and bottom of the lightweight but thick core [1]-[2] as shown in Fig. 1. The sandwich 
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material is applied to increase the durability and strength of the structure with its outstanding properties as 
follows: lightweight construction [3], the faces capable of bearing both tensile stress and compressive 
stress, and the core able to bear shear stress [4].   
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. Types of sandwich materials [1] 
 
Sandwich materials could be classified into 4 types: Cellular Foam, Honeycomb, Corrugated, and Balsa 
[5]; and are chiefly used in aerospace, marine, transportation and automotive industries [6]-[7]. In this 
study the honeycomb type of sandwich material is selected for investigation. To better understand the 
behavior of the honeycomb sandwich material in the design work, the finite element method as a 
sandwich material analysis tool is used, whereby the plywood panels widely available in the marketplace, 
i.e., chinese plywood, rubber plywood, and teak plywood, are inserted into the honeycomb sandwich 
material. The finite element simulations are performed to determine the heat transfer ability of the 
sandwich material of three different insertions in which the one with the best result is used for further 
study of energy saving efficiency in the building. The measurement and data logging and processing 
systems are designed and installed in order to obtain as accurate data as possible for further analysis. 
 
2.  Experiment Method 
2.1 Finite Element Modeling Design 
The finite element modeling is designed based on the principle of designing the shape of honeycomb 
core according to the theory of Zenkert [5]. The model is 300x300x40mm. in dimension and is composed 
of on the two outermost sides the fiberglass panels attached to plywood (either chinese plywood, rubber 
plywood, or teak plywood) and polypropylene core. To obtain the accurate experiment result, the model 
is created in the solid work program and the file is converted to IGES so that it can be opened in the finite 
element program. The designed model is shown in Fig.2. 
 
Fiberglass Honeycomb Plywood
 
 
Fig. 2 Sandwich material model design  
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Fig. 3 Plywood Inserted Honeycomb Sandwich Panels 
 
2.2 Design of Installation Locations of Measurement and Data Logging Apparatus 
To design the installation locations of measurement and data logging apparatus, it is crucial to select 
both the suitable apparatus and proper location at which to be placed the apparatus since the 
measurements obtained from each location of the building vary. However, the chosen locations are  
s expertise.  For instance, thermometer is positioned within the 
building in front of the air conditioner in order to measure the overall temperature inside the building, 
while light meter is installed close to the desk in order to measure the amount of light inside the building. 
Besides the location, connecting the measurement apparatus to the data logger is also important. The poor 
connection could cause the loss of data. The installation design is shown in Fig. 4. 
 
Fig. 4 Design for installation of measurement apparatus and data logger 
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As shown in Fig. 4, the measurement apparatus and data logger are located in the following positions: 
1. Light Meter 
2. Interior Thermometer 
3. Exterior Thermometer 
4. Proximity Sensor for open/close door 
5. Electricity Meter 
6. Data logger 
 
2.3 Measurement Apparatus and Data Logger Installation 
1. The apparatus should be installed at the eye level and within the actual work area in order to obtain 
actual amount of energy used in the room. See Fig. 5. 
 
 
 
Fig. 5 Light meter installation 
 
2. Interior thermometer should be installed at the spot where the coolness from an air-conditioner can be 
well received. The exterior thermometer should be placed close to the data logger for the convenience of 
data gathering process. See Figs.6 (a) and (b). 
 
(a)Interior thermometer (b) Exterior thermometer 
Fig. 6 Thermometer installation 
 
3. Proximity Sensor is installed to detect the opening/closing of the door. It is usually installed on top of 
the door to avoid the movement of the door. See Fig.7. 
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Fig.7 Proximity Sensor Installation 
 
4. Data logger should be installed close to the electricity  
outlet for all the wires from other apparatus so that the  
data can be easily gathered. See Fig.8. 
 
 
 
Fig. 8 Data logger installation 
 
5. Electricity meter and analysis device should be installed close to the breaker set in order to measure the 
total amount of energy used in the building. See Fig. 9. 
 
 
 
Fig.9 Electricity meter and analysis device 
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6. Installation of sandwich panel walls. After the collection of the data belonging to the employment of  
regular walls is complete, the 2.2 cm. sandwich panels are added and then the measurement apparatus and  
data logger are installed at the same spots. See Fig.10 
 
 
Fig.10 Sandwich material wall installation 
 
3.  Result and Discussion 
3.1 Result Analysis 
The result of finite element simulation with temperatures of 50 C, 100 C, 150 C, 200 C, and 250 C 
showed that the patterns of heat transfer in all of the aforesaid temperatures are identical. This indicates 
that the heat transfer is caused by the heat conduction which is poor in the honeycomb sandwich material 
inside which contains countless gaps of air which in turn result in the quick drop of temperature, thereby 
making it the material with good insulating property. The result is shown in Fig. 11.  
 
Fig.11 Sample of finite element simulation for heat transfer at 200 C 
 
3.2 Comparison of the Finite Element Simulation Results 
The results of the finite element simulations showed that the honeycomb cores significantly impacted 
caused by the internal gaps that lower the ability to conduct heat. This is consistent with the theory of 
Zenkert [5]. Besides, it was found that the reinforcement of plywood in the sandwich material could 
further reduce the heat conduction content. The three types of plywood possessed similar heat conduction 
capacity. From the result of finite element simulation for heat transfer, the chinese plywood reinforced 
Sandwich material wall 
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sandwich material performed best in terms of insulation property, followed respectively by teak plywood 
and rubber plywood, as shown in Fig. 12. 
 
 
 
Fig. 12 Comparison of the results of finite element simulation of honeycomb sandwich material reinforced with 3 different types of 
plywood  
 
3.3 Comparison of the Results of Heat Measurement Based on ASTM C 518 
The results of thermal properties based on ASTM C 518 in Figs. 13 and 14 showed that the chinese 
plywood reinforced sandwich material gave a high heat resistance value, indicating that this type of 
sandwich material provides good insulation, whereas the honeycomb sandwich materials reinforced with 
teak plywood and rubber plywood respectively ranked second and third in terms of heat resistance. The 
measurement results were perfectly consistent with the experimental results. 
 
 
 
Fig. 13 Result of heat resistance measurement based on AMTM C 518 standards 
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Fig. 14 Result of thermal conduction measurement based on AMTM C 518 standards 
 
According to Zenkert, the honeycomb sandwich material is not only strong but also is of good 
insulation. As such, in this research the sandwich material was reinforced with plywood in order to 
. All three types of plywood under examination could 
effectively reduce the heat conduction, especially the honeycomb sandwich material reinforced with 
Chinese plywood that could lower the most heat transfer even though the difference in temperature was 
approximately 0.1 degree Celsius. The results of the finite element simulations conformed to the result of 
thermal property measurement based on the ASTM C 518 standards. 
 
3.4 Interior Measurement Result Analysis 
With the air-conditioner turned on at 25 C, Fig.15 shows the amounts of electricity used during 
different periods of a particular day. 
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Fig. 15 Comparison of electricity consumed during different time periods of a day between the room with wood panels and with 
Chinese plywood sandwich panels 
 
According to Fig. 14, it was found that the highest consumption of electricity took place between 2.00-
3.00 pm. Therefore, this time period was used in analysis to find the most suitable material to be used for 
building the wall. By comparison, the same figure shows that the wall made of regular material consumed 
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electricity up to 1.07 kw., whereas the wall made from the Chinese plywood reinforced sandwich material 
consumed merely 0.90 kw.  
 
4.  Conclusion 
The analytical results of the finite element simulation show that the wall made of chinese plywood 
reinforced sandwich material gave the best performance in heat reduction. In addition, it was found from 
the onsite experiment that the room with the walls fabricated from the chinese plywood reinforced 
sandwich material consumed less electricity than did the room with regular walls.  The variance of 
electricity consumed was 0.17 kw.  
Acknowledgements 
The researchers would like to extend sincere appreciation to the Office of Higher Education 
Commission for the 2011 Annual Government Statement of Expenditure Fund under the Higher 
Education Research Supporting Project; and to both Department of Electronics and Telecommunication 
Engineering and Department of Industrial Engineering of Rajmangala University of Technology 
Thanyaburi for provision of research tools. 
References 
[1] Allen, H.G. Analysis and Design of Structural Sandwich Panels. London: Pergamon Press, 1969. 
[2] Bathe, K.J. Finite-Elemente-Methoden. Auflage 2. Berlin: Springer-Verlag, 2002.  
[3] Pflug, J., Vagrimde, B., & Verpoest, I. Material Efficiency and Cost Effectiveness of Sandwich Materials.  
      Katholieke Universiteit Leuven, Belgium. 2003. 
[4] Burman, M. Fatigue Crack Initiation and Propagation in Sandwich Structure,. Division of Lightweight Structures,  
      Royal Institute of Technology, Stockholm, 1998. 
[5] Zenkert, D. The Handbook of Sandwich Construction. London: EMAS, 1997. 
[6] Hohe, J. and Librescu, L. Core and Face-Sheet Anisotropy in Deformation and Buckling of Sandwich Panels, AIAA  
      J 2004; 42: 
[7] Starlinger, A.  Development of Efficient Finite Shell Elements for Analysis of Sandwich Structures under Large  
      Instabilities. Düsseldorf: VDI-Verlag GmbH, 1991. 
[8] Kress, G. Strukturanalyse mit FEM. ETH, Swiss Federal Institute of Technology Zurich, Zürich, 2004. 
 
